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ABSTRACT 
C u r r e n t m e a s u r e m e n t s a s w e l l a s t e m p e r a t u r e a n d s a l i n i t y d a t a w e r e 
t a k e n i n t h e W i n y a h Bay e s t u a r y a n d t h e a d j a c e n t c o a s t a l w a t e r s . T h e s e 
d a t a w e r e a c c u m u l a t e d o v e r o n e y e a r d u r i n g f i v e c r u i s e s . The c u r r e n t 
m e t e r s u s e d w e r e c a p a b l e o f r e c o r d i n g c u r r e n t d i r e c t i o n a n d s p e e d a t 
r e g u l a r i n t e r v a l s o f t i m e s o t h a t s e v e r a l s t a t i o n s c o u l d b e o c c u p i e d 
s i m u l t a n e o u s l y . 
The d a t a a c c u m u l a t e d on t h e i n n e r c o n t i n e n t a l s h e l f s t r o n g l y s u g ­
g e s t s t h a t t h e w a t e r m o t i o n i n t h i s a r e a i s c o n t r o l l e d p r i m a r i l y by t h e 
d o m i n a n t w i n d c o n d i t i o n s a n d s e c o n d a r i l y by t h e t i d e . The e v i d e n c e s u g ­
g e s t s t h a t o n l y d u r i n g c a l m w i n d c o n d i t i o n s ( l e s s t h a n 10 k n o t s ) w i l l t h e 
t i d a l e f f e c t s a l o n e b e l a r g e e n o u g h t o c a u s e r e v e r s a l o f t h e s h e l f c u r ­
r e n t s . T h e r e i s e v i d e n c e t h a t an i n t e r a c t i o n b e t w e e n s h e l f a n d e s t u a r i n e 
w a t e r m o t i o n may c a u s e t e m p o r a r y i n t e r r u p t i o n s i n t h e o t h e r w i s e s m o o t h 
c u r r e n t v a r i a t i o n f o l l o w i n g t h e c h a n g e i n t h e t i d e . 
D a t a a c c u m u l a t e d w i t h i n t h e Bay i n d i c a t e t h a t t h e e s t u a r y may b e s t 
b e c l a s s i f i e d a s p a r t i a l l y m i x e d a l t h o u g h t h e s e c o n d i t i o n s may f l u c t u a t e 
g r e a t l y d e p e n d i n g on p o s i t i o n i n t h e b a y , s t a g e i n t h e t i d e , a n d r a t e o f 
f r e s h w a t e r i n f l o w . The W e s t e r n C h a n n e l a p p e a r s t o b e p r e d o m i n a n t l y an 
e b b c h a n n e l , p a r t i c u l a r l y d u r i n g p e r i o d s o f h i g h r u n o f f . 
The l i m i t o f s a l t w a t e r i n t r u s i o n w a s f o u n d t o p r o c e e d b e y o n d t h e 
c o n f l u e n c e o f t h e P e e d e e a n d Waccamaw R i v e r s d u r i n g a v e r a g e r u n o f f . D u r ­
i n g h i g h r u n o f f t h e t i p o f t h e w e d g e i n t r u d e d t o t h e v i c i n i t y o f s t a t i o n 
v i i i 
R 2 8 . Even d u r i n g h i g h r u n o f f t h e w e d g e w a s n e v e r c o m p l e t e l y e x p e l l e d 
f r o m t h e e s t u a r y . 
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C H A P T E R I 
I N T R O D U C T I O N 
O v e r t h e p a s t f e w d e c a d e s t h e p r o b l e m s o f p o l l u t i o n a n d i t s e f f e c t 
o n t h e e n v i r o n m e n t h a v e b e c o m e i n c r e a s i n g l y m o r e i m p o r t a n t . A c c e l e r a t e d 
p o p u l a t i o n g r o w t h a n d i n d u s t r i a l d e v e l o p m e n t h a v e r e s u l t e d i n s u b s t a n t i a l 
a m o u n t s o f s e w a g e a n d o t h e r w a s t e b e i n g i n t r o d u c e d i n t o t h e n a t i o n ' s 
r i v e r s a n d e s t u a r i e s . T h e b u l k o f r i v e r b o r n e p a r t i c u l a t e a n d d i s s o l v e d 
m a t t e r i s u s u a l l y c o n f i n e d t o t h e e s t u a r i e s a n d t h e i n n e r c o n t i n e n t a l 
s h e l f . M a n h e i m , M e a d e , a n d B o n d ( 1 9 7 0 ) c o n c l u d e t h a t d e t r i t a l p a r t i c l e s 
c o n t r i b u t e d t o t h e s h e l f a r e r e s t r i c t e d t o a n a r r o w b a n d t e n m i l e s w i d e 
a d j a c e n t t o t h e c o a s t . A n y p r o c e s s w h i c h a f f e c t s t r a n s p o r t a t i o n a n d d i s ­
t r i b u t i o n w i t h i n t h i s c o a s t a l z o n e i s t h e r e f o r e e x t r e m e l y i m p o r t a n t i n 
d e t e r m i n i n g t h e f a t e o f p o l l u t a n t s i n t r o d u c e d i n t o t h i s r e g i o n . W a t e r 
m o t i o n i n t h e e s t u a r i e s a n d a d j a c e n t w a t e r s i s p e r h a p s t h e m o s t i m p o r t a n t 
f a c t o r t o b e c o n s i d e r e d . 
T o d a t e , m o s t o f t h e d a t a p e r t a i n i n g t o c i r c u l a t i o n o n t h e A t l a n t i c 
s o u t h e a s t e r n c o n t i n e n t a l s h e l f h a s b e e n o b t a i n e d b y H a i g h t ( 1 9 4 2 ) , B u m p u s 
( 1 9 5 5 ) , B u m p u s a n d L a u z i e r ( 1 9 6 5 ) , S t e f f a n s o n e t a l . ( 1 9 7 1 ) , a n d B l a n t o n 
( 1 9 7 1 ) . H a i g h t ( 1 9 4 2 ) p r e s e n t e d c u r r e n t s p e e d a n d d i r e c t i o n d a t a r e ­
c o r d e d a t l i g h t s h i p s a l o n g t h e e a s t e r n s e a b o a r d . H o u r l y d a t a w e r e r e ­
c o r d e d f o r o n e y e a r a t s i x l i g h t s h i p s b e t w e e n N o r t h C a r o l i n a a n d F l o r i d a . 
B u m p u s ( 1 9 5 5 ) , B u m p u s a n d L a u z i e r ( 1 9 6 5 ) , S t e f f a n s o n e t a l . ( 1 9 7 1 ) , a n d 
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a n d B l a n t o n ( 1 9 7 1 ) d e a l t p r i m a r i l y w i t h c o a s t a l w a t e r s n o r t h o f C a p e F e a r . 
C o n c l u s i o n s w e r e b a s e d p r i m a r i l y o n d r i f t b o t t l e s t u d i e s a n d t e m p e r a t u r e 
a n d s a l i n i t y d a t a . I n a l l o f t h e s e s t u d i e s , i n f o r m a t i o n p e r t a i n i n g t o 
t h e w a t e r s s o u t h o f C a p e F e a r w a s l i m i t e d a n d c o n c l u s i o n s r e g a r d i n g c i r c u ­
l a t i o n i n t h i s a r e a w e r e t e n t a t i v e . B o t h H a i g h t a n d B u m p u s g a v e e v i d e n c e 
t h a t t h e g e n e r a l c i r c u l a t i o n s o u t h o f C a p e F e a r r e f l e c t s c h a n g e s i n s e a ­
s o n e d w i n d c o n d i t i o n s a n d f r e s h w a t e r i n p u t f r o m c o a s t a l r i v e r s . I n a d d i ­
t i o n B u m p u s ( 1 9 5 5 ) s u g g e s t e d t h a t t h e w a t e r s i m m e d i a t e l y s o u t h o f C a p e 
H a t t e r a s a r e a f f e c t e d p e r i o d i c a l l y b y i n t r u s i o n o f c o l d w a t e r f r o m t h e 
n o r t h . B l a n t o n ( 1 9 7 1 ) s u g g e s t e d t h a t o c c a s i o n a l m e a n d e r s i n t h e G u l f 
S t r e a m c a n c a u s e o n s h o r e o r o f f s h o r e m o t i o n o f s h e l f w a t e r s . 
L i t e r a t u r e p e r t a i n i n g t o s p e c i f i c e s t u a r i e s a n d t h e i r c i r c u l a t i o n 
c h a r a c t e r i s t i c s h a s b e e n l a r g e l y r e s t r i c t e d t o m a j o r n o r t h e a s t e r n e s t u ­
a r i e s s u c h a s t h e C h e s a p e a k e B a y ( s e e S c h u b e l ( 1 9 7 1 ) ) . O n t h e b a s i s o f 
t h e s e s t u d i e s , P r i t c h a r d ( 1 9 5 5 ) h a s p r o d u c e d a g e n e r a l c l a s s i f i c a t i o n 
s y s t e m b y w h i c h e s t u a r i e s m a y b e c a t e g o r i z e d f r o m a k n o w l e d g e o f c i r c u l a ­
t i o n c h a r a c t e r i s t i c s a n d s a l i n i t y d i s t r i b u t i o n . 
A t p r e s e n t , s t u d i e s a r e u n d e r w a y t o i n v e s t i g a t e n e a r s h o r e a n d 
e s t u a r i n e w a t e r m o t i o n n e a r t h e m o u t h o f t h e S a v a n n a h R i v e r ( O e r t e l , 
p e r s o n a l c o m m u n i c a t i o n ) . M o s t o f t h e w o r k p e r t a i n i n g t o m a j o r s o u t h e a s ­
t e r n e s t u a r i e s h a s b e e n d o n e b y t h e U n i t e d S t a t e s A r m y C o r p s o f E n g i n e e r s 
C o m m i t t e e o n T i d a l H y d r a u l i c s ( 1 9 6 1 , 1 9 6 4 , 1 9 7 2 , S c h u l t z a n d S i m m o n s , 
1 9 5 7 ) . T h e s e s t u d i e s a r e p r e l i m i n a r y a n d t h e y d e a l p r i m a r i l y w i t h p r o b ­
l e m s a s s o c i a t e d w i t h d r e d g e s p o i l d i s p o s a l , s e d i m e n t d i s t r i b u t i o n , o r 
n a v i g a t i o n . M e a d e ( 1 9 6 9 ) p r e s e n t e d e v i d e n c e r e g a r d i n g s e d i m e n t m o t i o n a t 
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the mouth of major estuaries along the Atlantic coast. 
Winyah Bay is the northernmost of several sizeable southeastern 
estuaries. There is a considerable amount of ship traffic within this 
bay and commercial fishermen gain access to the shelf through this harbor. 
In addition to this a large fraction of the pollutants and sediments in­
troduced to the Peedee and Waccamah Rivers eventually enter this estuary. 
Work done by the Corps of Engineers in this estuary is preliminary and 
their conclusions with regard to classification based on Pritchard's work 
are tentative. 
The present study was undertaken to determine circulation patterns 
and their dominant controlling factors in the Winyah Bay estuary and the 
adjacent coastal waters (Figures 1 and 2). Particular attention was paid 
to the nature of the circulation in the Western Channel as it was ex­
cluded from studies done by the Corps of Engineers. Also the nature of 
any interaction between estuarine and continental shelf circulation was 
of particular interest. Data accumulated within the estuary were used in 
conjunction with those compiled by the U. S. Army Corps of Engineers 
(1961 and 1964) in an effort to gain a better understanding of the type 
and extent of saltwater intrusion which occurs there. Hopefully conclu­
sions regarding inner shelf circulation in this area can be extrapolated 
to areas to the south resulting in an increased understanding of near-
shore circulation over the southeast Atlantic continental shelf in general. 
Figure 1. Station Locations on the Continental Shelf Adjacent 
to the Winyah Bay Estuary 
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Figure 2 . Station Locations within Winyah Bay (o = Salinity 
Measurement and • = Current Measurements) 
6 
CHAPTER I I 
INSTRUMENTATION AND EQUIPMENT 
C u r r e n t m e a s u r e m e n t s w e r e made w i t h G e n e r a l O c e a n i c s M o d e l 2010 
r e c o r d i n g m e t e r s . The m e t e r s c o n s i s t e d o f a b u o y a n t p o l y v i n y l c h l o r i d e 
c y l i n d e r w i t h two s t a b i l i z e r f i n s a t t a c h e d t o t h e e x t e r i o r ( F i g u r e 3 ) . 
C o n t a i n e d w i t h i n e a c h c y l i n d e r t h e r e w e r e a s u p e r - e i g h t c a r t r i d g e c a m e r a , 
a l i g h t s o u r c e , a d i r e c t i o n a l i n c l i n o m e t e r , a n d a w a t c h . The c a m e r a w a s 
o r i e n t e d s u c h t h a t i t w o u l d p e r i o d i c a l l y t a k e a p i c t u r e o f t h e i n c l i n o m ­
e t e r a n d t h e w a t c h s i m u l t a n e o u s l y , t h u s r e c o r d i n g t h e o r i e n t a t i o n , t i m e , 
a n d d e g r e e o f i n c l i n a t i o n o f t h e m e t e r . The s y s t e m c a n b e s e t so t h a t 
i t w i l l r e c o r d d a t a a t i n t e r v a l s o f 10 s e c o n d s , 1 m i n u t e , 5 m i n u t e s , 15 
m i n u t e s , 30 m i n u t e s , o r o n e h o u r . The d e g r e e o f i n c l i n a t i o n o f t h e m e t e r 
i s d i r e c t l y r e l a t e d t o t h e v e l o c i t y o f t h e w a t e r f l o w i n g p a s t t h e m e t e r . 
The m e t e r s w e r e a t t a c h e d t o a w i r e c a b l e by a s n a p h o o k r e s t r a i n e d 
b e t w e e n two c a b l e c l a m p s ( F i g u r e 4 ) . T h i s s i m p l e s y s t e m o f m o u n t i n g w a s 
e a s y t o w o r k w i t h a n d t h e m e t e r w a s a b l e t o r e s p o n d f r e e l y t o t h e w a t e r 
m o t i o n . The l o w e r e n d o f t h e m o u n t i n g c a b l e w a s a t t a c h e d t o a 100 l b 
c o n c r e t e o r l e a d a n c h o r w i t h a s h a c k l e a n d s w i v e l t o a l l o w t h e c a b l e t o 
t w i s t w i t h o u t k i n k i n g . The u p p e r e n d o f t h e c a b l e w a s s e c u r e d t o a f l u o ­
r e s c e n t o r a n g e m a r k e r b u o y by m e a n s o f a h a l f i n c h n y l o n l e a d e r . 
S a l i n i t i e s w e r e m e a s u r e d w i t h a Beckman s a l i n o m e t e r - t e m p e r a t u r e 
p r o b e . The s e n s i t i v i t y o f t h i s i n s t r u m e n t i s b e t t e r t h a n 0 . 1 p a r t p e r 
7 
D I S A S S E M B L E D 
A S S E M B L E D 
Figure 3. General Oceanics Model 2010 Recording Current Meter 
Figure 4 . Current Meter Mooring System 
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t h o u s a n d ( p p t ) w h i c h w a s s u f f i c i e n t f o r t h e p u r p o s e s o f t h i s s t u d y . 
Wind d i r e c t i o n s a n d s p e e d s w e r e m e a s u r e d u s i n g s h i p ' s c o m p a s s a n d 
a h a n d h e l d a n e m o m e t e r . 
1 0 
C H A P T E R I I I 
D A T A A C Q U I S I T I O N A N D A N A L Y S I S 
D a t a w e r e a c c u m u l a t e d d u r i n g f i v e c r u i s e s o f a p p r o x i m a t e l y a w e e k 
e a c h a b o a r d t h e R / V G o l d e n I s l e s w h i c h i s s u p p o r t e d b y t h e N a t i o n a l 
S c i e n c e F o u n d a t i o n . T h e c r u i s e s w e r e s c h e d u l e d f o r S e p t e m b e r 4 - 8 , 1 9 7 2 , 
N o v e m b e r 1 4 - 1 9 , 1 9 7 2 , D e c e m b e r 1 1 - 2 0 , 1 9 7 2 , M a r c h 2 1 - 2 8 , 1 9 7 3 , a n d M a y 
1 4 - 2 1 , 1 9 7 3 . 
S t a t i o n s o n t h e s h e l f w e r e o c c u p i e d d u r i n g t h e S e p t e m b e r , M a r c h , 
a n d M a y c r u i s e s . C u r r e n t d i r e c t i o n a n d s p e e d w e r e r e c o r d e d a t 5 a n d 1 5 
m i n u t e i n t e r v a l s f o r a t l e a s t o n e t i d a l c y c l e ( o n e e b b a n d o n e f l o o d t i d e ) 
o r a p p r o x i m a t e l y 1 3 h o u r s . E a c h s t a t i o n w a s l o c a t e d u s i n g r a d a r a n d d e a d 
r e c k o n i n g . T h e N o v e m b e r , D e c e m b e r a n d t h e b u l k o f t h e M a r c h a n d M a y 
c r u i s e s w e r e c o n f i n e d t o t h e e s t u a r y . 
T e m p e r a t u r e a n d s a l i n i t y w e r e m e a s u r e d a t o n e m e t e r d e p t h i n t e r ­
v a l s a t s e v e r a l s t a t i o n s w i t h i n t h e e s t u a r y ( F i g u r e 2 ) . A n a x i a l c r o s s 
s e c t i o n w a s c o m p l e t e d d u r i n g t h e N o v e m b e r c r u i s e a n d f o u r a d d i t i o n a l c r o s s 
s e c t i o n s w e r e c o m p l e t e d d u r i n g t h e M a r c h c r u i s e . C u r r e n t m e a s u r e m e n t s 
w e r e t a k e n e v e r y f i v e m i n u t e s f o r a t l e a s t o n e t i d a l c y c l e a t t h e s u r f a c e 
m i d - d e p t h a n d b o t t o m a t t h e s t a t i o n s i n d i c a t e d b y d o t s i n F i g u r e 2 . 
T h e c u r r e n t d a t a o n t h e s h e l f w e r e v e c t o r a l l y a v e r a g e d f o r e a c h 
h o u r t h e m e t e r s w e r e i n t h e w a t e r . T h e s e d a t a w e r e t h e n p r e s e n t e d a s p r o ­
g r e s s i v e v e c t o r d i a g r a m s a n d c u r r e n t r o s e s a c c o r d i n g t o t e c h n i q u e s d e ­
s c r i b e d b y N e u m a n n ( 1 9 6 8 ) . A l i a s i n g o f t h e d a t a r e s u l t i n g f r o m s a m p l i n g 
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frequency (Webster, 1964) was deemed negligible for the purposes of this 
study as most of the high frequency variation was of low amplitude and 
was eliminated in the vectoral averaging. 
The current data within the estuary were presented as a plot of 
speed and direction versus time, so that the data could be separated into 
flood and ebb components. The velocities for each component were averaged 
over their duration. The difference between average velocity multiplied 
by the duration of each phase may indicate a dominant current component. 
Also, the areas under the velocity curves for both the ebb and flood 
components were measured, compared, and expressed as a percent total flow 
according to the methods of Shultz and Simmons (1957). This served as an 
additional indicator of the predominant flow component. 
Volume runoff data were acquired through the United States Geo­
logical Survey, Water Resources Division. Volume runoff of the Peedee 
River at Peedee, South Carolina in cubic meters per second (cms) was di­
rectly related to total freshwater inflow into Winyah Bay (see Johnson 
(1970)). 
Tide data were taken directly from the United States Coast and 
Geodetic Survey tide tables (1972-1973 edition). These data were correc­




Cruise Number One — September 4-8, 1972 
This cruise took place during a period of low total freshwater 
inflow into Winyah Bay (85 cms or 3000 cfs). The average runoff is ap­
proximately 450 cms (16,000 cfs) (Committee on Tidal Hydraulics, 1964). 
Stations 1, 2, 3, and 4 (northern stations) were occupied on September 
4-5, 1972 and stations 7, 9, and 10 (southern stations) were occupied on 
September 5-6, 1972 (Figure 1). 
The data obtained at the northern stations consisted of current 
readings at 15 minute intervals of time. Meters at stations 1, 3, and 4 
returned sets of data representing current measurements over a complete 
tidal cycle. The meter at station two returned a partial record repre­
senting five and one half hours of data on the morning of September 5, 
1972. The results accumulated from stations 1, 2, 3, and 4 appear in 
Figures 5 and 6. The water motion over a tidal cycle roughly parallels 
the dominant wind direction for the period sampled (Figure 5 ) . It is 
apparent from this diagram that the predominant direction of flow is 
north-northeast during periods of flooding tide and east-northeast during 
periods of ebbing tide. The hours during which the current was flowing 
north-northeast were characterized by slightly higher velocities. It ap­
pears that flooding tide enhances a northerly flowing current. Conversely, 
Data Recorded at Station 1 









h " - 25 cm/sec 
Data Recorded at Station 3 
2030, 9/4/72 -- 0945, 9/5/72 
High Tide 9/5/72 








= 25 cm/sec 
Figure 5. Progressive Vector Diagrams and Current Roses--Stations 1 and 3 
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F i g u r e 6 . P r o g r e s s i v e V e c t o r D i a g r a m s a n d C u r r e n t R o s e s - - S t a t i o n s 4 a n d 2 
15 
one would expect that an ebbing tide would enhance a southerly flowing 
current or diminish a northerly flowing current. 
It appears from these data that the shelf waters at these stations 
at the times sampled tended to respond primarily to the dominant wind con­
ditions (SW at 10-15 knots). The tidal effect was visible but was secon­
dary to the wind driven currents. Finally, following high tide at each 
of the northern stations the otherwise smooth current variation is tem­
porarily disrupted by a period of very slow-moving, randomly directed 
current. This condition may result from an interaction between estuarine 
and inner shelf circulation. This feature of the current pattern will be 
discussed in greater detail later. 
The southernmost stations (7, 9, and 10) were occupied September 
5-6, 1972 following recovery of the meters at the northern stations. All 
meters returned sets of data covering a complete tidal cycle. The regular 
variation in current direction with the tide, as reported for the northern 
stations, was obscured by a complete reversal in the current resulting 
from a 180 degree shift in the wind (Figures 7 and 8 ) . The wind shifted 
from southwest to northeast in approximately one hour, and the water mass 
at the sampled stations responded quickly to the new wind conditions. 
The response of the water at all stations was similar. 
All the meters at the southern stations were recovered at approxi­
mately high tide on the morning of September 6, 1972. Consequently, any 
disruption of the current pattern following high tide was not recorded. 
There is some evidence, albeit weak, for a current disruption near the 
time of retrieval at station 10. A disruption did not occur following 
Data Recorded at Station 10 
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Data Recorded at Station 9 















Figure 7. Progressive Vector Diagrams and Current Roses—Stations 9 and 10 
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Data Recorded at Station 7 
1530, 9/5/72 0800, 9/6/72 
High Tide 
9/5/72 













fe" = 25 cm/sec 
Figure 8. Progressive Vector Diagram and Current Rose--Station 7 
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high tide at the southern stations when the current was flowing northerly. 
The data recorded at both northern and southern stations during 
this cruise suggest that the near shore shelf waters are controlled pri­
marily by dominant wind conditions and secondarily by tides. 
Cruise Number Two - November 14-19, 1972 
This cruise was completely restricted to the estuary. The fresh­
water input into Winyah Bay, 140 cms (5000 cfs), was much less than the 
average (450 cms). The station in the Western Channel was occupied with 
two current meters mounted in tandem and current data were recorded simul­
taneously every five minutes throughout a tidal cycle. The upper meter, 
located one meter below the water surface, showed a predominance of ebb 
current over the flood current both in average velocity, duration, and 
percent total flow (Figure 9 ) . 
By comparing the time of the change in tide in the bay (Figure 9 
and Figure 10) with the change in tide on the shelf as predicted from 
U . S . C G . S . Tide Tables (1972-1973 edition), one can see that the change 
in the tide at the Western Channel station is two to three hours after 
the change in tide on the shelf. 
Data from the lower current meter, located four meters below the 
water surface, indicate that flood currents predominate very slightly over 
ebb currents (Figure 10). The inclination of the meter averaged 55 de­
grees (approximately 39 cm/sec) for flooding currents and 50 degrees 
(approximately 36 cm/sec) for ebbing currents. The duration of each com­
ponent at this depth was about equal. The percent total flow was 54 per­
cent flood as compared to 46 percent ebb. At this depth in the Western 
Figure 9. Current Data, West Channel--ll/16-17/72, 2 Meter Depth 
Depth, 4 meters 
Low Tide Shelf, 2215 
High Tide Shelf, 0400 
laoo 
—i 
2 0 0 0 
EBB 
;', Av. Velocity = 36/ 
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'"' 46% Total Flow 
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Av. Velocity = 
38 cm/sec 
54% Total Flow 
2200 T I M E 0 2 0 0 0400 
—1 
0600 
Figure 10. Current Data, West Channel--ll/16-17/72, 4 Meter Depth 
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C h a n n e l t h e c h a n g e i n t i d e i s r o u g h l y c o i n c i d e n t a l w i t h t h e c h a n g e i n 
t i d e o f t h e s h a l l o w e r d e p t h . 
S a l i n i t y m e a s u r e m e n t s a t t h i s s t a t i o n w e r e m a d e w h i l e t h e t i d e w a s 
r a p i d l y f l o o d i n g a n d n e a r t h e c r e s t o f h i g h t i d e . The s a l i n i t i e s w e r e 
f a i r l y h i g h ( a p p r o x i m a t e l y 30 p p t ) w i t h a v e r y s m a l l g r a d i e n t d u r i n g 
f l o o d t i d e . F o l l o w i n g t h e c r e s t o f h i g h t i d e , a l a y e r o f l o w e r s a l i n i t y 
( a p p r o x i m a t e l y 2 0 - 2 5 p p t ) a p p e a r e d a t t h e s u r f a c e . 
The c u r r e n t d a t a i n d i c a t e a v e r y s l i g h t p r e d o m i n a n c e o f f l o o d c u r ­
r e n t n e a r t h e b o t t o m o f t h e W e s t e r n C h a n n e l s t a t i o n . S a l i n i t y m e a s u r e ­
m e n t s i n d i c a t e t h a t t h e W e s t e r n C h a n n e l may r a n g e f r o m n e a r l y h o m o g e n e o u s 
t o s o m e w h a t s t r a t i f i e d d e p e n d i n g on t h e s t a g e i n t h e t i d e . S i n c e f r e s h ­
w a t e r r u n o f f a t t h e t i m e o f t h i s c r u i s e w a s s u b s t a n t i a l l y l e s s t h a n t h e 
a n n u a l a v e r a g e , i t i s c o n c e i v a b l e t h a t an i n c r e a s e i n f r e s h w a t e r i n p u t 
i n t o W i n y a h Bay m i g h t a l t e r t h e o b s e r v e d s i t u a t i o n . T h i s p o s s i b i l i t y w a s 
t h e s u b j e c t o f i n v e s t i g a t i o n d u r i n g l a t e r c r u i s e s . 
C r u i s e Number T h r e e — D e c e m b e r 1 1 - 1 6 , 1 9 7 2 
T h i s c r u i s e t o o k p l a c e d u r i n g a p e r i o d o f n e a r l y a v e r a g e r u n o f f . 
L i k e t h e N o v e m b e r c r u i s e , i t w a s c o m p l e t e l y c o n f i n e d t o t h e e s t u a r y . 
S t a t i o n R20A w a s o c c u p i e d w i t h t h r e e c u r r e n t m e t e r s m o u n t e d i n t a n d e m . 
The m e t e r n e a r e s t t h e s u r f a c e ( F i g u r e 11) i n d i c a t e d a c o n s i d e r a b l e p r e ­
d o m i n a n c e o f e b b f l o w b o t h i n s t r e n g t h , d u r a t i o n , a n d p e r c e n t t o t a l f l o w . 
The v a r i a b i l i t y o f t h e d o w n s t r e a m f l o w a t t h i s d e p t h w a s c o n s i d e r a b l y l e s s 
t h a n t h e r e l a t i v e l y w e a k f l o o d i n g c u r r e n t s . As a t t h e W e s t e r n C h a n n e l 
s t a t i o n , o c c u p i e d i n N o v e m b e r , t h e c h a n g e i n t i d e a t S t a t i o n R20A o c c u r r e d 
two t o t h r e e h o u r s a f t e r t h e c h a n g e i n t i d e on t h e s h e l f . T h e s e g e n e r a l 
Figure 11. Current Data, Station R20A--12/13-14/72, 1 Meter Depth 
2 3 
c h a r a c t e r i s t i c s o f f l o w p e r s i s t e d a t a l l d e p t h s e x c e p t t h a t t h e f l o o d i n g 
c u r r e n t s b e c a m e s t r o n g e r a n d m o r e s t a b l e w i t h a s l i g h t i n c r e a s e i n d u r a ­
t i o n ( F i g u r e s 1 2 a n d 1 3 ) . F l o o d c u r r e n t s w e r e n o t p r e d o m i n a n t a t a n y o f 
t h e d e p t h s a t w h i c h c u r r e n t s w e r e m e a s u r e d d u r i n g t h i s c r u i s e . H o w e v e r , 
s t a t i o n s h a d t o b e l o c a t e d o n t h e e d g e s o f d r e d g e d c h a n n e l s b e c a u s e s h i p 
t r a f f i c p r o h i b i t e d o c c u p a t i o n o f s t a t i o n s i n t h e d e e p e r c e n t r a l p o r t i o n s 
o f t h e c h a n n e l s . I t i s c o n c e i v a b l e t h a t a t g r e a t e r d e p t h s t h a n t h o s e 
m e a s u r e d t h e r e m i g h t h a v e b e e n a p r e d o m i n a n c e o f u p s t r e a m f l o w . T h e s e 
a r e a s w o u l d , f o r t h e m o s t p a r t , b e r e s t r i c t e d t o t h e c e n t e r o f t h e d r e d g e d 
c h a n n e l s . 
I n a d d i t i o n t o t h e c u r r e n t d a t a , s a l i n i t i e s w e r e m e a s u r e d a t o n e 
m e t e r d e p t h i n t e r v a l s a t t h e s t a t i o n s i n d i c a t e d o n F i g u r e 1 4 . T h e s a m p ­
l i n g t i m e s p a n n e d t w o h o u r s f o l l o w i n g t h e c r e s t o f h i g h t i d e a t t h e b a y 
m o u t h . T h e s a l i n i t y d i s t r i b u t i o n n e a r t h e m o u t h o f t h e e s t u a r y a p p e a r s 
n e a r l y s t r a t i f i e d . T h e g e n e r a l u p s t r e a m t r e n d , w i t h e b b c u r r e n t s i n c r e a s ­
i n g , w a s f o r t h e s a l i n i t y d i s t r i b u t i o n t o c h a n g e f r o m n e a r l y s t r a t i f i e d 
t o p a r t i a l l y m i x e d . T h e s a l i n i t y d i s t r i b u t i o n a p p r o a c h e d h o m o g e n e i t y 
t o w a r d s t h e h e a d o f t h e e s t u a r y . 
M e a s u r a b l e s a l i n i t i e s w e r e f o u n d t o o c c u r b e y o n d s t a t i o n R 3 0 w h i l e 
t h e c u r r e n t w a s e b b i n g h a r d . A p p a r e n t l y , d u r i n g p e r i o d s o f a v e r a g e r u n ­
o f f , s a l t w a t e r i n t r u s i o n p r o c e e d s b e y o n d t h e c o n f l u e n c e o f t h e P e e d e e a n d 
W a c c a m a h R i v e r s . 
C r u i s e N u m b e r F o u r — M a r c h 2 1 - 2 8 , 1 9 7 3 
T h i s c r u i s e t o o k p l a c e d u r i n g a p e r i o d w h e n t h e r u n o f f w a s a b o u t 
1 4 0 0 c m s ( 5 0 , 0 0 0 c f s ) . C u r r e n t d a t a a s w e l l a s t e m p e r a t u r e a n d s a l i n i t y 
34CH 
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Figure 12. Current Data, Station R20A--12/13-14/72, 2 Meter Depth 
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d a t a w e r e r e c o r d e d a t a n u m b e r o f s t a t i o n s w i t h i n t h e e s t u a r y a n d a t two 
s t a t i o n s on t h e s h e l f . The s a l i n i t y d a t a w e r e a c c u m u l a t e d d u r i n g f i v e 
a x i a l t r a n s e c t s o f t h e e s t u a r y a t v a r i o u s s t a g e s o f t h e t i d e . 
A c u r r e n t m e t e r w a s l o s t d u r i n g r e c o v e r y a t s t a t i o n 8 r e d u c i n g t h e 
n u m b e r o f e x t e r i o r s t a t i o n s t o o n e ( s t a t i o n 5 ) . The d a t a r e c o r d e d a t t h i s 
s t a t i o n s u p p o r t t e n t a t i v e c o n c l u s i o n s r e s u l t i n g f r o m d a t a c o l l e c t e d d u r i n g 
t h e S e p t e m b e r c r u i s e . A g a i n t h e w a t e r t e n d e d t o r e s p o n d p r i m a r i l y t o 
d o m i n a n t w i n d s t r e s s (ENE a t 1 0 - 1 5 k n o t s ) . The t i d a l e f f e c t s w e r e s e c o n ­
d a r y t o t h e w i n d ( F i g u r e 1 5 ) . The h i g h e r v e l o c i t i e s w e r e a s s o c i a t e d w i t h 
e b b i n g t i d e , a g a i n s u g g e s t i n g t h a t e b b t i d e s e n h a n c e s o u t h e r l y f l o w i n g 
c u r r e n t s . The l o w e r v e l o c i t i e s a s s o c i a t e d w i t h f l o o d i n g t i d e s s u g g e s t 
t h a t f l o o d i n g t i d e e n h a n c e s n o r t h e r l y f l o w i n g c u r r e n t s a n d r e t a r d s 
s o u t h e r l y f l o w i n g c u r r e n t s . T h i s w a s a l s o o b s e r v e d d u r i n g t h e S e p t e m b e r 
c r u i s e . The l o w e s t v e l o c i t i e s o f a l l o c c u r a t h i g h t i d e . No c o r r e s p o n d ­
i n g m a r k e d d e c r e a s e i n v e l o c i t y o c c u r s a t t h e t i m e o f l ow t i d e on t h e 
s h e l f . T h i s a g a i n s u g g e s t s t h a t t h e r e i s some p r o c e s s , a s y m m e t r i c a l w i t h 
r e s p e c t t o t i d e , o c c u r r i n g a t t h e c h a n g e o f t h e t i d e on t h e s h e l f w h i c h 
t e n d s t o b r i e f l y d i s r u p t w i n d d r i f t c u r r e n t . 
The g e n e r a l c o n c l u s i o n s r e g a r d i n g t h e c u r r e n t p a t t e r n s a n d d o m i n a n t 
c o n t r o l l i n g f a c t o r s a p p e a r t o b e t h e same f o r b o t h t h e S e p t e m b e r a n d 
M a r c h c r u i s e s . T h i s o b s e r v a t i o n i s p a r t i c u l a r l y s i g n i f i c a n t s i n c e t h e s e 
c r u i s e s t o o k p l a c e d u r i n g p e r i o d s t h a t w e r e s t r i k i n g l y d i f f e r e n t w i t h 
r e s p e c t t o r u n o f f a n d w i n d c o n d i t i o n s . 
C u r r e n t m e t e r d a t a w e r e r e c o r d e d w i t h i n t h e e s t u a r y a t s t a t i o n s 
G 1 5 , G 1 7 , R18A, R 2 4 , a n d i n t h e W e s t e r n C h a n n e l . T h e s e d a t a a r e p r e s e n t e d 
Data Recorded at Station 5 










3/25/73 = 25 cm/sec 
Figure 15. Progressive Vector Diagram and Current Rose--Station 5 
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i n F i g u r e s 1 6 t h r o u g h 2 5 . E b b a n d f l o o d c o m p o n e n t s w e r e n e a r l y e q u a l 
n e a r t h e b o t t o m a t a l l s t a t i o n s i n t h e E a s t e r n C h a n n e l . T h e r e w a s p e r h a p s 
a s l i g h t i n c r e a s e i n t h e e b b c o m p o n e n t a t t h e s h a l l o w e r d e p t h s p a r t i c u ­
l a r l y a t s t a t i o n s n e a r e r t h e h e a d o f t h e e s t u a r y . D a t a r e c o r d e d i n t h e 
W e s t e r n C h a n n e l s h o w a s t r i k i n g p r e d o m i n a n c e o f t h e e b b c o m p o n e n t p a r ­
t i c u l a r l y a t t h e s h a l l o w e r d e p t h s , w h e r e f l o o d v e l o c i t i e s a v e r a g e d l e s s 
t h a n 1 3 c m / s e c ( F i g u r e s 2 3 a n d 2 4 ) . T h e s e d a t a s u g g e s t t h a t t h e W e s t e r n 
C h a n n e l i s p r i m a r i l y a n e b b c h a n n e l , a t l e a s t d u r i n g p e r i o d s o f h i g h 
r u n o f f . 
T h e m e t e r n e a r t h e b o t t o m a t s t a t i o n G 1 5 r e c o r d e d d a t a e v e r y m i n u t e 
r a t h e r t h a n t h e n o r m a l f i v e m i n u t e i n t e r v a l t o a l l o w e s t i m a t i o n o f a l i a s ­
i n g e f f e c t s p r o d u c e d b y t h e s a m p l i n g f r e q u e n c y ( F i g u r e 18). T h e d a t a r e ­
c o r d e d a t t h e t w o f r e q u e n c i e s w e r e v e r y s i m i l a r . T h e o n e m i n u t e r e c o r d ­
i n g f r e q u e n c y e l i m i n a t e d s o m e o f t h e a b r u p t v a r i a t i o n r e c o r d e d a t f i v e 
m i n u t e i n t e r v a l s ; b u t t h e r e w e r e c h a n g e s i n c u r r e n t d i r e c t i o n a n d s p e e d 
o c c u r r i n g i n l e s s t h a n a m i n u t e , e q u a l t o t h o s e r e c o r d e d a t f i v e m i n u t e 
i n t e r v a l s . A p p a r e n t l y t h e b u l k o f t h e v a r i a t i o n r e c o r d e d a t f i v e m i n u t e 
i n t e r v a l s i s f a i r l y h i g h f r e q u e n c y , r a n d o m , a n d o f l o w m a g n i t u d e r e l a t i v e 
t o t i d a l v a r i a t i o n . T h e r e f o r e t h e a l i a s i n g e f f e c t s o f t h e s a m p l i n g f r e ­
q u e n c y w e r e d e e m e d n e g l i g i b l e f o r p u r p o s e s o f t h i s s t u d y . 
T e m p e r a t u r e a n d s a l i n i t y d a t a w e r e r e c o r d e d a t t h e s t a t i o n s a n d 
a t t h e t i m e s i n d i c a t e d i n F i g u r e s 2 6 a n d 2 7 . T h e t i m e s o f s a m p l i n g m a y 
b e p l a c e d i n t h e t i d a l c y c l e b y c o n s u l t i n g t h e c u r r e n t d a t a r e c o r d e d a t 
n e a r b y s t a t i o n s ( F i g u r e s 1 6 t h r o u g h 2 5 ) . U n d e r h i g h r u n o f f c o n d i t i o n s a 
f l o o d i n g t i d e p r o d u c e s a m o r e s t r a t i f i e d s i t u a t i o n w h e r e a s a n e b b i n g t i d e 
t e n d s t o d r i v e t h e E a s t e r n C h a n n e l t o w a r d s h o m o g e n e i t y . 
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Figure 18. Current Data, Station G15--3/22-23/73, 7-8 Meter Depth 
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Figure 20. Current Data, Station G17--3/23-24/73, 4-5 Meter Depth 
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Figure 21. Current Data, Station G17--3/23/24/73, 7-8 Meter Depth 
Figure 22. Current Data, Station R18A--3/23-24/73, 5-6 Meter Depth 
20' 
Figure 23. Current Data, Station R24--3/22-23/73, 2-3 Meter Depth ^ 
Figure 24. Current Data, West Channel--3/25-26/73, 
1-2 Meter Depth 00 
Figure 25. Current Data, West Channel--3/25-26/73, 
3-4 Meter Depth 
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Figure 26. Temperature Salinity Data, 3/73, 
G . T . Light to R18A 
41 
Figure 27. Temperature and Salinity Data, 3/73, R20 to R24 
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Also, the head of the estuary tends to have more poorly defined salinity 
than those recorded at the mouth. Thus the estuary at the time of these 
measurements may best be classified as partially mixed (Pritchard, 1955), 
recognizing that this condition may fluctuate greatly depending on stage 
in the tide, location in the estuary, and the amount of freshwater inflow 
into the bay. 
Cruise Number Five - May 14-20, 1973 
The runoff during this cruise was about 560 cms (20,000 cfs). 
Three stations were occupied on the shelf. The meters placed at Cape 
Romain marker (station 10) and at station 6 returned sets of data span­
ning 20 and 24 hours, respectively. The meter placed in the vicinity 
of station 5 suffered a malfunction in the triggering mechanism, conse­
quently, no data were returned from this station during this cruise. 
Temperature and salinity data were recorded within the estuary at 
the Western Channel station and station R18A. These data were recorded 
at half hour intervals over one half of a tidal cycle (through an ebb 
tide) in an effort to determine any differences between the salinity 
structure of the Western Channel and the Eastern Channel. 
The current data on the shelf were recorded at five-minute inter­
vals, vectorally averaged and presented as progressive vector diagrams 
(Figures 28 and 29). The wind shifted gradually from the southwest 
through the west (variable for two or three hours) to the north during 
the recording period. The gradually shifting winds in addition to the 
tidal variation and possible estuarine effects resulted in fairly com­
plex progressive vector diagrams. The water appeared to respond primarily 
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Data Recorded at Station 10 
133, 5/17/73 -- 1030, 5/18/73 
Wind Began to Shift 
(Variable Out of West) 
Dominant Wind 
After Shift 
5-15 Knots = 25 cm/sec 
Figure 28. Progressive Vector Diagram and Current Rose, 
Station 10 
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Data Recorded at Station 6 
1215, 5/17/73 1230, 5/18/73 
= 25 cm/sec 
Figure 29. Progressive Vector Diagram and Current Rose, 
Station 6 
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to changing wind conditions and secondarily to the tide as previously 
observed. Also the diagrams show that a northeasterly flow accompanied 
a sustained southwesterly wind whereas southwesterly flow accompanied a 
sustained northerly wind. The complete shift in current direction could 
not be attributed to tide as the current reversal did not have the peri­
odicity of the semidiurnal tide which exists in this area. As during 
previous cruises, the flooding tide produced a more westerly component 
to the dominant drift whereas the ebbing tide produced a more easterly 
component. 
The temperature and salinity data recorded within the estuary in 
the Western Channel and at station R18A show that the average salinity 
in the Eastern Channel during an ebb tide was higher at any given time 
than the Western Channel (Figure 30). However, the higher salinities in 
the Eastern Channel were found below the five meter water depth. The 
Western Channel is only slightly greater than five meters deep at mean 
low water and these two stations are roughly the same distance from the 
mouth of the estuary. Therefore it can be deduced that the higher average 
salinity in the Eastern Channel is a result of the saltwater intrusion 
being largely confined to the dredged channels where depths exceed five 
meters at mean low water. As previously mentioned, data recorded in 
March support the hypothesis that the saltwater intrusion may be mainly 
confined to the deeper areas of the estuary associated with dredged 
channels. Near the end of ebb tide the salinities in the Western Channel 
were lower than even the shallower waters in the Eastern Channel. There­
fore the data recorded in the estuary during this cruise suggest, as 
Figure 30. Temperature and Salinity Data, 5/15/73 
4 > 
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during the March cruise, that the Western Channel is predominantly an 
ebb channel, particularly during periods of average to high runoff. 
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CHAPTER V 
DISCUSSIONS AND CONCLUSIONS 
The Inner Shelf 
The data concerning inner shelf circulation were accumulated during 
the September, March, and May cruises. Fourteen stations were occupied 
and reliable data were returned from 12. The data were recorded over a 
wide range of conditions with regard to freshwater runoff and wind direc­
tion. Despite these widely varying conditions, some general character­
istics of the water motion in the Winyah Bay area remained constant during 
all these cruises. The predominant drift appeared to be primarily due to 
dominant sustained winds. The tidal effect was secondary in that it gen­
erally modified the dominant drift direction with either a more onshore 
or offshore component. 
At most stations a fluctuation in velocity was noted which could 
be associated with tidal variation. These velocity fluctuations suggest 
that a flooding tide enhances a northerly flowing current whereas an 
ebbing tide enhances a southerly flowing current. 
The data indicate that no reversals of a tidal period occurred 
during any of the cruises and the sustained winds never fell below 10 
knots. Therefore only at some wind speed less than 10 knots will be tidal 
currents be strong enough relative to wind driven currents to cause re­
versals . 
Current data suggest that a tide related interruption in shelf 
circulation exists. The lowest speeds were recorded at times shortly 
49 
following the changes in the tide. At stations closest to the mouth of 
Winyah Bay, these times were often characterized by fairly shortlived and 
abrupt reversals in current. When all other conditions were constant, 
this phenomenon appeared to occur only following high tide or low tide 
but never both. The phenomenon appeared to have a period of 13 hours 
(assuming constant wind conditions) (Figure 5 ) . 
These anomalous current variations may possibly be explained by an 
interaction between estuarine and shelf circulation. It has been re­
ported that the change in tide in the bay occurs two or three hours after 
the change in tide on the shelf during periods of low to average runoff. 
That is, upstream or downstream motion in the bay persists for two or 
three hours following the change in tide on the shelf. Therefore, follow­
ing high tide on the shelf, there may exist a divergence of sorts near 
the mouth of Winyah Bay (Figure 31). This situation would result from the 
upstream motion in the bay following high tide on the shelf and the off­
shore component of flow on the shelf associated with the newly ebbing 
tide. Conversely, there may exist a convergence near the mouth of the 
bay following low tide on the shelf (Figure 31). This situation would 
result from the downstream flow in the bay following low tide and on­
shore motion on the shelf associated with the newly flooding tide. 
A divergence near the mouth of Winyah Bay could result in water 
motion from north and south of the bay into the vicinity of the diver­
gence (Figure 31). A convergence would have an opposite effect in that 
water would move north and south away from the vicinity of the conver­
gence. Therefore, following high tide on the shelf, there would be 
forces tending to draw water southward, north of the estuary and northward, 
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Residual Downstream Flow 
within the Bay Following 
Low Tide on the Shelf 
Resulting Pressure Force 
Following Low Tide on 
the Shelf 
Onshore Compo­




Resulting Pressure Force 
Residual Upstream Flow 
within the Bay Following 
High Tide on the Shelf 
Following High 
on the Shelf 
Resulting Pressure Force 
Offshore Compo­
nent of Motion 
~* Resulting from 
the Newly Ebbing 
Tide 
Resulting Pressure Force 
Figure 31. Schematic Diagram of the Proposed Interaction 
between Estuarine and Shelf Circulation at the 
Change in the Tide 
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s o u t h o f t h e e s t u a r y ( F i g u r e 3 1 ) . T h e s e c o n d i t i o n s w o u l d b e r e v e r s e d 
f o l l o w i n g l o w t i d e . T h e r e f o r e , d e p e n d i n g on d i r e c t i o n o f d o m i n a n t d r i f t 
a n d s t a t i o n l o c a t i o n r e l a t i v e t o t h e b a y m o u t h , t h e d o m i n a n t d r i f t may 
b e t e m p o r a r i l y a c c e l e r a t e d , r e t a r d e d , o r r e v e r s e d f o l l o w i n g t h e c h a n g e 
i n t i d e o n t h e s h e l f . 
C o n s i d e r s t a t i o n o n e ( F i g u r e 5) f o r e x a m p l e . F o l l o w i n g l o w t i d e 
on t h e s h e l f t h e r e w o u l d h y p o t h e t i c a l l y b e a c o n v e r g e n t s i t u a t i o n a t t h e 
m o u t h o f t h e b a y a c t i n g t o a c c e l e r a t e a n o r t h e r l y c u r r e n t a t s t a t i o n o n e . 
A c c o r d i n g t o t h e p r o p o s e d m o d e l , n o i n t e r r u p t i o n i n t h e c u r r e n t p a t t e r n 
i s e x p e c t e d t o o c c u r a t s t a t i o n o n e a t t h i s t i m e . H o w e v e r , f o l l o w i n g 
h i g h t i d e , a d i v e r g e n t s i t u a t i o n w o u l d e x i s t a t t h e m o u t h of t h e b a y . 
T h i s i s e x p e c t e d t o h a v e a r e t a r d i n g e f f e c t on a n o r t h e r l y c u r r e n t a t 
s t a t i o n o n e a n d t h e c u r r e n t p a t t e r n s h o u l d b e t e m p o r a r i l y d i s r u p t e d . F i g ­
u r e 5 s h o w s t h a t t h e c u r r e n t p a t t e r n a t s t a t i o n o n e f i t s t h e p r o p o s e d 
m o d e l . M o s t o f t h e o b s e r v a t i o n s made on t h e s h e l f s u p p o r t t h e e x i s t e n c e 
o f t h i s t y p e o f p h e n o m e n o n . 
I t i s r e c o g n i z e d t h a t t h i s m o d e l i s o v e r l y s i m p l i f i e d a n d may n o t 
b e c o m p l e t e l y a d e q u a t e t o e x p l a i n t h e s h o r t - l i v e d d i s r u p t i o n s t h a t p e r i ­
o d i c a l l y o c c u r i n t h e o t h e r w i s e s m o o t h c u r r e n t p a t t e r n . I t w o u l d r e q u i r e 
a m o r e e x t e n s i v e s t u d y t o v e r i f y t h e e x i s t e n c e o f t h i s m e c h a n i s m . 
T h e p r i n c i p a l c o n c l u s i o n t h a t c a n b e t a k e n f r o m d a t a a c c u m u l a t e d 
on t h e s h e l f i s t h a t t h e w a t e r m o t i o n i s p r i m a r i l y d e p e n d e n t on d o m i n a n t 
w i n d . T h e r e f o r e , b y c o n s u l t i n g l o c a l w i n d c o n d i t i o n s , o n e c o u l d make a 
r e a s o n a b l y a c c u r a t e g u e s s a s t o t h e f a t e o f t h e w a t e r a n d t h u s t h e s u s ­
p e n d e d a n d d i s s o l v e d m a t e r i a l e x i t i n g W i n y a h Bay a t a n y g i v e n t i m e . 
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General wind conditions in the Winyah Bay area are primarily 
dependent on season. The Summer months are characterized by predomi­
nantly southerly winds whereas Winter months are characterized by nor­
therly winds (Haight, 1942). Therefore, dominant long term drift over 
the shelf in the Winyah Bay area should be northerly during the summer 
and southerly during the winter. During the Spring and Fall the winds 
are more variable; therefore, direction of dominant drift is less ap­
parent. Probable yearly drift predominance for this area may be obtained 
by consulting local yearly wind data. 
The Estuary 
Data regarding salinity distribution and circulation characteris­
tics within the estuary were compiled during the cruises made in November, 
December, March, and May. During these months there was a wide range of 
conditions with respect to freshwater inflow. Significant flood pre­
dominance was not observed at any stations occupied during any of the 
cruises. However, the deepest station occupied was approximately six 
meters deep at mean low water. It is conceivable that flood predominance 
did exist at the greater depths which occur within the dredged channels. 
The salinity measurements indicated that the mouth of the estuary 
may range from nearly stratified to partially mixed depending on stage 
in the tide. The head of the estuary may range from nearly homogeneous 
to partially mixed again depending on the stage of the tide. The central 
portions of the estuary (stations G17 - R24) appeared to be nearly always 
partially mixed. These general characteristics remained unchanged over 
a wide range of freshwater inputs (140 cms - 1400 cms). Therefore, it 
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appears that this estuary may best be classified as partially mixed, 
recognizing that this condition may fluctuate greatly, particularly at 
the extremes of the estuary. 
The main effect of changing freshwater input was to change the 
distance over which saltwater intrusion occurs. It was found that during 
average runoff conditions, the saltwater intrusion proceeded beyond the 
confluence of the Peedee and Waccamah Rivers. During periods of high 
runoff the tip of the wedge intruded slightly beyond the northern most 
confluence of the Western and Eastern Channels. Naturally during ebb 
tide the wedge moves seaward, but it was never found to be expelled com­
pletely from the estuary. 
The Western Channel has a maximum depth of approximately six 
meters. Therefore, as the evidence previously presented suggests, it 
is predominantly an ebb channel at high runoff. 
All of these conclusions regarding characteristics of estuarine 
circulation and particularly water motion over the shelf are based on a 
limited amount of data accumulated over a single year. However, it is 
believed that any further investigations in this area and in the areas 





The greatest number of problems was encountered during location 
and recovery of meters at stations on the shelf. Adverse sea condi­
tions occasionally resulted in dangerous situations when attempting to 
retrieve the heavy, bulky anchoring systems. Therefore, it is recom­
mended that the anchors be made in the form of concrete cylinders with 
handles (Figure 32). A cylindrical shape has fewer sharp edges and 
handles will facilitate handling on deck. The low cost of concrete will 
make it economically feasible to dispose of the anchor during retrieval. 
The mooring line should consist of 3/8 inch nylon rope except for the 
section on which the meter is mounted. Nylon is considerably less ex­
pensive and easier to work with. The strength of nylon is sufficient 
unless the station is to be occupied for an extended period of time. 
It is also recommended that a small float be attached above the meter 
to hold the mooring line straight below the meter (Figure 32). The 
attachment rings located at the base of the meter should be replaced often 





1 0 0 LB. CONCRETE 
ANCHOR 
Figure 32. Recommended Current Meter Mooring System 
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